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ABSTRACT: A rapid method for estimating the nose pressure-
drag coefficient in supersonic flow of a body formed by
replacing all, or part of, its conical nose by a flat face

is derived. The analysis, although rough, agrees with the
experimental observation that the drag coefficient of a flat-
faced cone of fixed length decreases as the radius of the
flat face increases from zero. After reaching a minimum,

the drag coefficient rises above that of the sharp-tipped
cone.
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Approximate Analysis of Effect on Drag of Truncating the
Conical Nose of a Body of Revolution in Supersonic Flow

This report presents a rapid method for estimating the nose
pressure-drag coefficient in supersonic flow of a body formed
by replacing all, or part of, its conical nose by a flat face.

It is noted that, if, the nose length is not decreased, a sharp
nose can be replaced by a flat nose of appreciable area with-
out increasing the drag above that for the sharp nose.

This work was sponsored by the Re-Entry Body Section of the
Special Projects Office, Bureau of Naval Weapons under the
Applied Research Program in Aeroballistics, Task No. NOL-363.
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SYMBOLS
defined in equation (30)
defined in equation (31)

D

nose drag coefficient
(;F;’)co o¥ 2

drag coefficient of body (n) minus drag coefficient
of body (m)

nose pressure drag

pressure drag of body (2) minus pressure drag of
body (1)

length of portion of body (1) that is to be replaced,
-oasur:d)?long surface from most forward point (see
fig. 1(b

length of portion of body (2) that is different from
b?dg (1),. measured from most forward point (see fig.
1(b))

2, IO X . X (pe
quantity, 7—.-2 i:[zm T d-!- - i—-o)c

radius of flat face °
non-dimensional pressure integral over flat face,
Bw_ X X o

o6 H H®

distance from most forward to most rearward point of
axis of symmetry, measured along surface (see fig.
1(a))

Mach number °
length of nose measured along axis of body

static pressure

non-dimensional pressure coefficient REe—P®
gV

2 /oo

®
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SYMBOLS
- i
q dynamic pressure |
2 /oo
T radius of cross-section of body, perpendicular to
axis of symmetry (see fig. 1l(a)
h:1 radius of reference cross-section of body
v °velocity of flight
: o
X distance along surface of body rrom most forward
R point on axis of symmetry (see fig. 1l(a))
Y ratio of specific heats
( tangent of cone half angle °
o angle between tangent to body surface and axis of
symmetry (see fig. 1(a))
] density ¢
Subscripts
o at stagnation point behind a normal shock
e, local value on body
oo in free stream ahead of bow shock ¢
C value on coge
(n), or n pertaining to body number n °
N for fixed nose length
'Y
S for fixed cone angle
S with sharp @ip
o
—— quantities with a bar are dimensional, unbarred
o Tuantities are pon-dimensional
all non-dfmepsional lengths are based on the reference
dengtd .
B valfte fog which Cp of {lat-face gone equals Cp of

shayp @one
v
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SUMMARY

A rapid method for estimation of the nose pressure-drag
coefficient in supersonic flow of a body formed by replacing
all, or part of, its conical nose by a flat face is given.
The analysis, although rough, agrees with the experimental
observation that the drag coefficient of a truncated cone of
fixed length decreases as the radius of the flat face increases
from zero. After reaching a minimum, the drag coefficient
rises above that of the sharp-tipped cone. For example, at
a Magh number of 2.4, the calculated nose drag coefficient of
a trun@ated qone, obtained from a sharp-tipped cone of 38°
included angle by decreasing the cone angle without changing
the nose lepgth, decreases to about 93 percent of that of the
shazg ®one as the flat-faqge radius increcases to 15 percent of
the base ragjus. %The drag coefficient of the blunt cone
remains Yess than thaty for the sharp cone up to a ratio of
glat, fa®e to base radjus of about 28 percent. °

[

At a Magh pumber of 2.4, the calculated nose drag coef-
ficient of a flatefaged gone, obtained from a sharp cone of
88% ingluded angle by decreasing the cone angle, is as much
as 19 percent Jless than the nose drag of the cone of equal
flat-fage area obtalned by keeping the cone angle fixed at 38°
and reducing the nese length.

The indication from the analysis is that the allowable
blunting for no increase in drag over the sharp cone decreases
slowly with increase in Mach number and more rapidly with
deerease in sharp aeone angle. o

The method for the estimation of the change in drag coef-
ficlent cawsed by keeping the cone angle fixed and cutting off
part of the 5ose to form a flat face is tested by comparison
with experimental res?lts in two cases. In the first, the
method predigts the drag qoefficient of a flat-faced cylinder
from that of a sharp-nose cone with a maximum error of about
b percent. In the second, the method predicts the drag coef-
ficient 0f a Ldat-faced cone-cylinder from that for a sharp-
nose cone-cylinder with a maximum error of about 16 percent.
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INTRODUCTION

It is sometimes necessary to estimate the change in drag
coefficient caused by cutting off the forward portion of a
flat-faced body in supersonic flow. In the present investi-
gation, the portion of the body that is cut off to form a new
and larger flat face is the frustrum of a cone. Because the
method of analysis of the change in drag is rough, a search
of the literature was made in order to obtain experimental
data for a test of the method of analysis. References (1) and
(2) were found to contain data that were useful for testing
the method of analysis. A statement in reference (2), that an
extrapolation of the experimental results predicted that the
drag of a flat-faced cone of fixed nose length would be less
than that for the sharp cone, was noted.

The search of the literature also disclosed that some
time ago reference (3) had reached the result that cones tipped
by spheres could have less drag than sharp cones. Reference
(3) gives experimental and theoretical curves of drag coef-
ficient that demonstrate this effect. Although a short
description of the method by which the drag coefficient was
calculated is given, no equations are given. Moreover, it is
not clear whether or not the result that the drag decreases
as the sharp tip is blunted was obtained from an examination of
the results of calculations or from an examination of equations.
In the present investigation, equations are given, and it is
apparent from them that the drag coefficient of a cone initially
decreases when the tip is blunted and the nose length is kept
fixed. Moreover, the present rough analysis indicates that
the flat face can be made fairly large in diameter before the
drag of the blunt cone exceeds that of the sharp cone.

The present investigati®n treats only a special case of
the supersonic drag problem. It does not attempt to discuss the
problem of minimum drag bodies, a subject that has already
been fully treated by many investigators by more exact methods
of analysis.

ANALYSIS

Change in Nose Pressure-Drag When Part of Conical Tip is Cut
o Form Flat Face

o
The drag is assumed to consist of pressure drag only; the
friction drag is neglected. The pressure drag is

T
D — f.l-?._-‘""-e 2T FrdX (1) (see fig. 1(a))
. °
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For the body denoted by (1) in figure 1(b), the drag is

:! “\ |

:‘BCD — J‘-t;,_ Sin® 2T FdX =f&scnez,v'éd§ 4_.;'&5".« e2vFrdx (2)
. [ [-4 _‘-

For the body denoted by (2), the drag is '

L £ Ia

Ll.
1)@:[’\;‘s&nezrr?clsz =[‘§_s;ne 2w rdX +f’|;¢ sine2WFdx® (3)
(3 ° A

Because the forward portion of body (1) is cut off to form

body (2), the interval length(T,-%) 1is equal to the length

and T and @ are the same functions of (X-%) as of
It is also assumed that Pe is the same function of

Bk
(x..i.() ‘a8 of (¥ -%) , that is, that the static pressure on the
remaining portion of the body is unchanged by removing its

forward portion. Consequently,

I| L).
s [T’g Sine 2TWrdx =fFCOS\'n6 2Wrdx% (4)
‘Fl ‘:
Therefore, 02- -
— * y
= D-D =f' Sin82TrdX—/ &S
37, % % R ReneaTedr
) .
- o
or £ °

Z
oo ) z
- P o P 2
(,?.5_17.‘ P YM*
then 4l
o - f:. £,
— HE B Pe /e

‘ Ac%)' ¥ M* / Fa (Sm 6) rdx —.[o;. (Sm e)rdx 7N
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Equation (7) applies for any body of revolution that is
modified by changing its forward portion in an arbitrary
manner, provided that the assumption that pe is the same
function of (X-4%) as of (R=%) _ is valid. Actually, however,
pe for x> Ty is different from pe for x>Y The difference
is largest nt X = To and decays downstream.

When the modified body, body (2), has a flat face, the
conditions sin® = 1, ¥ = X apply for 0<£ X< f the flat face
region. When the body (1) is conical over the "cut-off"
portion, the conditions sinf = const., T = Xsinf apply for
0<%x<$7¥,. In this case, equation (7) becomes

fo
Acv 4Y(M; -b—x dx — s a/—ﬁx dx (8)

It is more convenient to non-dimensionalize the length X in
the first integral of equation (8) by the radius of the flat
face H, than by the reference radius K. Thus,

h._ - —
%oxaz [He /.!‘_ X 4%
Fb x‘dx ==-€; %: =:(;§L) A F‘ ‘Fz .ui

o -
o
[Frxi=K [T %% ®

or

Hz 2

Because the body is conical for x less than f;, ), 1is
constant and equal to the value for a cone. Consequently,

fh-E-x dx = k&) £ *

but o

(a4

therefore,

Sin e It- xdx = _E.)

(10)

: When the relations (9) and (10) are used, equation (8)
becomes

Crhn = 2' a. f‘F. “ (:&) (11)
A }hll . 4 F\* . ‘ 1L'c
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To find the change in drag between two different "cut-
offs" for the same body when the section removed is conical,
use is made of equation (11). Both "cut-off" bodies, referred
to as bodies (3) and (4), have flat faces. The change in
drag 1is

Aﬁ;a3== j% _”IQ
or
A?q,s = (?a +AD4,:) - (‘i + A——D-s,l) (12)

where A-D4,| and A-Ds,n are the differences between the drag of
bodies (4) and (3) respectively and the body with a conical tip.
Equation (12) can be written as

A;ia|§== A‘Eaa‘_-ZSTDB“

or

= AC, —AC
ACD4.S & %4, ACs,, 13)

The reference radius K remains fixed although the nose shape
is changed.

] =
b X 13X
By assuming that the integral [ . R dT is
the same over the flat faces of bodies (3) and (4) and by
combining equation (13) with equation (11), in which the
subscript "2" is replaced first by "4" and then by "3", the
result is obtained that

86, 2k [ex ()] (i) a

T?o quantity - _. F‘
AT

depends on the Mach number and on the angle of the conical
- nose. Call this quantity F; equation (14) then becomes

S
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A CD4'3= (H:'—l-\;) F

(15) .

and equation (11) becomes
2
ACp, = \"\zF
2,

f'l': Zd%
EXAMPLE: A numerical value of the integral ,, o H ~ in
‘the function F is obtained by using the distribution of i?
over the flat face of a cylinder at a Mach number near 2 pre-
sented in figure 7 of reference (4). The integral then has the
value .453. The pressure distribution of reference (4), and
thus the value ,453 for the integral, is assumed to be inde-
pendent of Mach number. The cone pressure ratio (ﬁf) is
calculated from the identity <

(16)

:Ei) --'—‘3-":<I+’5‘—Z_"—‘z %E) (17)

-F° c -‘F° «
A .
where the quantities ";h and ° are read from the
charts and tables of reference (5). The quantity F is shown

in figure 2 for the Mach number range between 3 and 1.19 for
2 body whose nose is a cone of 38° included angle. The lowest
Mach number, namely, 1.19, is that at which the bow shock
detaches from the conical nose. According to figure 2, F is
equal to 1.250 at a Mach number of 2.4. Then, if H4 is equal
to .3 and H3 is equal to .2, the value of ACp, 5 is .0625,

1

Change in Nose Pressure-Drag When Sharp Tip is Replaced by Flat
¥ace but Nose Length is Fixed

In reference (2) it is noted that an extrapolation of the
experimental data predicts that the drag of a cone can be
decreased by substituting a blunt tip for the sharp tip while
keeping the nose length fixed. This effect is also noted in
reference (3), and a calculated variation of drag coefficient
with the ratio of nose radius to maximum radius is given for a
cone capped by a spherical tip. No equations for making the
calculations are given, however, but it is stated that the
pressure on the conical portion of the blunt cone was assumed
to be equal to that of a sharp cone of the same angle. The
pressure on the hemispherical nose was obtained from experiment.

As a matter of interest, an investigation was made to

ascertain whether or not the present procedure would predict v
a decrease in cone drag if the sharp tip is replaced by a flat

6 »
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portion without a change in nose length. The pressure drag of
a flat-faced cong is found by adding the nose drag coefficient
of the sharp cone

Cy= 7‘%1 %)G%f‘c (18)

to ACp, ; &iven by equation (11). The result is
4

_ 4 ;E:_ 2 ;Ei 1—H*
]

When the cone tip is replaced by a flat face without changing
the cone angle, the ratio ( .E.) is called (%')e and the drag
[ <A * ,0

coefficient is called Cp,. When the nose length is unchanged,

the cone angle is decreaged by substitution of a flat face for

the sharp tip. In this case, the ratio <€t is called [ ps
(4

Pee,n

and the drag coefficient is denoted by CDN'

Equation (19) was used to calculate Cp, and Cpy at a
Mach number of 2.4 for a body that was orngnally & sharp-

tipped cone of 389 included angle. The results are shown in
figure 3. Also shown is the ratio Cre—Cau . At a value

3

of H of about .34, this ratio has its na&!mum value, namely
about .19. Consequently, at a Mach number of 2.4, the nose
drag of the frustrum of a cone of 38° included angle and nose
radius equal to .34 of the base radius is 19 percent larger
than the nose drag of the frustrum of the cone with the same
ratio of nose to base radius, but with the same nose length

as the original sharp-tipped cone. The longer cone has an
included angle of about 26° instead of 389, :

.The value of H at which Cp is a minimum is obtained by
differentiating equation (19) with respect to H and setting

the derivative equal to zero. The derivative of Cp with
respect to H is:

G- @2 E] W

or with EIJ(E_L _ ?‘2(-‘?_)-‘ ﬁ%
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and with

+one = -‘:N-‘i

it follows that

. ; .y d4EL
f-nli e R G T] @

It is noted that because .da%:_f- is positive, it follows that

%%’ &£ O for H= 0. That is, the nose-pressure drag coef-

ficient of a cone always decreases.vith initial blunting.
For a minimum Cp, it follows from setting 4Cp equal to zero
and from equation (21) that

N 4l an
T_%;_[_(\-*“)i‘&- N‘]r— ﬁ%ﬁ (22)

A calculation for

M=2.4
I = ,453

and N = 1 = 2,904
an

predicts a minimum value of CD at H = .15, The value of Cp 1s
calculated to be .492.

In order to find the non-zero value of H, called Hg, at
which the drag coefficient of the flat-faced cone is equal to
the drag of a sharp cone of equal nose length, the drag coef-
ficient given by equation (18) is equated to that given by
equation (19). The result, after use of equation (17),1s

o G &)
[T B -1 ()

where the first and second terms in the numerator refer to the
sharp and blunt cone, respectively. The non-dimensional pres-
sure difference (8§).  for the blunt cone depends on 6 and,
therefore, on H. quation (23) can be solved graphically or by
some other convenient method. In the present example, a cone
of half angle 199, at M = 2,4, the value of Hg is about

(23)

8
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.285., That is, the drag of the flat-faced cone is less than
that of the sharp cone for H less than .285. PFor a cone of
10° half angle, the value of Hg drops to about .103. 1In
figure 4 is shown the variation of Hg with sharp-cone angle
at Mach numbers of 2.4 and 4.

The values of Hp for 64 equal to 10° and to 19° were cal-
culated by use of oqua.t:l.on 223) together with Chart 6 and
Table II of reference (5) for Ap and P. respectively.

{ 4
The circles and squares in figure 4 are calculated values; the
curves were drawn through these points. For sharp-cone angles
of 5° and less, a sufficiently accurate value of Hg could not
be obtained by use of Chart 6 of reference (5) because it was
impossible to read the chart to enough significant figures.
The values of Ap for Og = 59 for M = 2.4 and 4, therefore,

were calculatedq by use of equation (7-36) of reference (6).
The equation is

- 2 2 4 2
%B = —€ 426" |n ‘;';\;:,— +3(m-)e D":r.:'-r._l

(‘NI)M
“'(S’Mz‘- 1)64 é_ﬁ?{’s m®+ M-y i

According to reference (6), the value of .?-f given by equation

(24)

(24) for a cone of 5° half angle cannot be distinguished from
the exact values in figure E7d of reference 6; this figure
compares exact values of Ap with values calculatod by

approximate methods. The accuracy of equation (24) increases
as the cone angle decreases below 5°

For angles less than 5°, the value of Hp was calculated
directly from an explicit exprouion for HR. This expression
was obtained by using ¢ =‘h'
for the sharp come, and e = [l a}

for the flat-faced cone. The result for (.1?) is, from
oquation (24).

(?E s .. z. i; \h w—‘ 4 3( M- 1) [\n

_(sM)) a N ('m)M A
m\r— CREE Slrvourll o 25)
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and for (_A_E) is,

Yo 2(-n) LL:JM 2 -
(__E)___(l A :r.l1 ‘"(\zu;lﬁf— T ﬂﬁ)ir.f'-.‘](za)

—Em~ l)(l—ﬁf e - |_H) - +[‘1‘3 ! +m.)_»‘« Qﬁ“‘?

In order to get an explicit expression for , expression (26)
is restricted to small values of H. For small values of H,
the approximation that

N
nEa T e T o
and that 2 HL 3 2
<|"H) (H‘i"-z‘)':: H—ZH (28)

is made. When expressions (25) and (26) are used in equation
(23) together with thg approximations (27) and (28), and 211
terms multiplied by HY or higher powers of H are neglected,
the result, after collecting terms, is
_ A
He= & (29)

where

A= 4N (lnu-——— ) (ZGN\-—lo ”‘:;I‘

PIVERT (30)
+ /2 (M l)(ln W) + |8 M +1+ 4 _'_‘i)_f*_’\_
and 2
= 2N [Z]:'t‘ :] -3N 4-!5($4 E)(hw )
¥m . (31)

_ 2_ 2N 0.2 q_c (6)W

The curves of figure 4 for M = 2.4 and 4 for 64< 5° were cal-
culated by use of equation (298). For 6g = 59, the value of
calculuted by use of equation (29) differs fro- the value of
obtained by use of equations (23), (25) and (26) by less
tgan 3 percent. Calculations indicate that expression (29)

10
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rapidly becomes inaccurate for 64 greater than about 7 1/2°.

Por half cone angles less than 2° or so, the value of N
becomes large enough for equation (29) to be approximated with
an error of no more than about 5 percent by,

_ AL(haf‘!“"o
He= & [21 l;:.:] N 62

YW

The indication from equation (32) is that_for small cone angles,
Hg increases somewhat more slowly than 6g°.

Because Hp decreases with increase in M, (see fig. 4),
it was of interest to determine how much further Hpg would
decrease from the values for M = 4 as M increased. A calcu-
lation of the variation of Hg with 65 was, therefore, made
for M = . To calculate the value of Hp at 6g = 100 and at
19°, the Chart 6 of reference (5) was used to get (_g for
M = o. The value of the term

[zl'fi ]
ﬂﬁﬂ*
for M = o0 was calculated by keeping I equal to .453 and let-
ting M become very large in the expression for }i , namely,
3 s

¢ T4 2\T- Y+l -

L = (—z:‘"’\) PO

Pee 23— (3-))|

(ref. (5))

The result is

= [z:r_ be ] =41 (u)

or for V- 1.4, I = .453

YM" [ZT EP_ ]é 1.6'7

The results for 6g = 10° and 19° are shown as the triangles
in figure 4 on the curve marked "M = @ ." For small values
of 64, the results obtained by use of the Chart 6 of refer-
ence (5) are too inaccurate to have any meaning because it
becomes impossible to ro:d Al from the chart to enough

T4l

-1

114
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significant figures. Consequently, the empirical expression

- 2
(%E)c s= 01588 (—g.—’-) ) (63 in deqrees) (33)
[}

o &
which fits the values of -f obtained from reference (7) for

M = o with an error of less than one percent for 85,<10°, is
used. From equation (33) and the assumption that 4 on a

blunt cone is equal to that on a sharp cone with the same
angle, it follows that

(%E)c - (eTF)c,s %)1 <s4}

e 1-
o, (1-w) (35)

The portion of the curve for M = oo in figure 4 for 64< 100
was calculated by use of equation (23) together with equations
(34) and (35). In this calculation all powers of H greater
than the second were neglected in the development of an
expression for Hg. When equation (33) is used for (A’E) ,
the result for M = o and 65<10° is that )3

y=Tetexi0teE (8 in dryen)

Moreover,

The portion of the curve for M = @ for 64<10° in figure 4
was calculated by use of equation (34).
: ]

The indication from figure 4 is that Hg increases as the
angle of the sharp-cone increases, and decreases as the Mach
number increases. For a perfect gas, however, Hy does not
decrease much below its values at M = 4.

Comparison with Experiment

Note that the present method estimates the change in
pressure drag but not the change in friction or base drag
caused by the change in nose shape. Consequently, exact
agreement with experiment is not to be expected. With this
remark in view, two sets of data are examined. The first set
is contained in figure 16 of Section 16-14 of reference (1)
in which is shown the dependence of the drag coefficient of a
cone~cylinder on the cone angle at a Mach nuaber of 2. The
blunt cylinder is included. The present method, equation (11),

12
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is used to predict the drag of the blunt cylinder from the
given drag of the sharp nosed cone-cylinder. The results are
shown in Table I. The maximum error is about 5 percent of the
drag coefficient of the blunt cylinder. The same method can
be used to predict the drag coefficient of a sharp nosed cone-
cylinder from the known drag of a blunt cylinder. Imn this
case, however, the percent error in the drag coefficient of
the sharp cone-cylinder is much larger because the drag coef-
ficient of a cone-cylinder is less than that of a blunt
cylinder.

The second set of data is that of reference (2). In
these experiments the nose of a cone of 24° 12' included
angle was cut off at four distances from the tip. The value
of ACp calculated by the present method, that is, by equation
(11), the value of Cp obtained by adding ACp to Cp for the
sharp cone, and the measured value of Cp are shown in Table II.
Although the values of ACp are inaccurate, the calculated
values of differ by no more than 16 percent from the
measured values,

No experimental data seem to be available to test the
predictions of the present method for the case in which a
sharp cone is blunted without changing its nose length. Both
the drag reduction caused by blunting a cone of fixed nose
length and the value of are obtained by using the calculated
drag of a blunted cone. is drag is computed by using equation
(11) to compute ACD caused by blunting a sharp cone of the
same angle as the blunt cone and then adding this value of
ACp to the value of Cp for the sharp cone. The equation used
to compute ACp, namely, equation (11), was also used to com-
pute the values of ACp listed in Table II. Because these
values of ACp are too large in all the cases listed, the
present method overestimates the drag of blunt cones. There-
fore, both the drag reduction caused by blunting a sharp cone
of fixed nose length and the wvalue of would actually be
larger than predicted. This inference is strengthed by the
statement in reference (3) that at a Mach number of 6, the
measured drag reduction caused by blunting a sharp cone by a
hemisphere was greater than predicted. Both the method of
reference (3) and the present method assume that the pressure
on the side of the blunted cone is equal to that on a sharp
cone of equal angle. Because the result of reference (3) is
for a Mach number of 6, it appears that the inference that the
present method overestimates ACp is probably not limited to
the Nach number range of the data in Tublo I1. The cone
angle of reference (3), namely, about 19°, is also somewhat
different than for the data of Table 1I. The difference
between theory and experiment is probably caused by the omis-
sion of skin friction and by the departure of the pressure
from the sharp-cone pressure on the blunt cone behind the face-
Junction, 13
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CONCLUDING REMARKS

A rapid method for estimation of the nose pressure drag
coefficient in supersonic flow of a body formed by replacing
all, or part, of its conical nose by a flat face is given.

The analysis agrees with the experimental observation
that the drag coefficient of a flat-faced conical nose of
fixed length decreases as the radius of the flat face increases
from zero. Beyond a certain flat-face radius that depends on
cone angle and Mach number, the drag rises above that of the
sharp cone. The drag of a conical-nosed body, therefore, can
be decreased and its volume increased by substituting a flat
nose of the correct size.

The indication from the analysis is that the allowable
blunting for no increase in drag over the sharp cone
decreases slowly with increase in Mach number and more
rapidly with decrease in sharp cone angle.

14
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Table I

PREDICTED DRAG COEFFICIENT OF BLUNT CYLINDER AND PERCENT ERROR
(Moo =2)

r

one Angle ACp Predicted O Percent Error in
11.3 1.34 1.62 5
14.1 1.29 1.66 2
18.4 1.19 1.64 4
26.6 .946 1.64 4
31.0 .787 1.62 5

Measured Drag Coefficient of Blunt Cylinder = 1.70.
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Table I1

PREDICTED ACp AND Cp, MEASURED Cp, AND PERCENT ERROR IN Cp
FOR A CONE OF 240 12' INCLUDED ANGLE

M=1.65
Percent
H aCp Cp calc. CD Meas. Error
0 .4061
.165 .0334 .4395 .4233 4
.322 .1266 . 5327 .4808 11
.483 .2862 .6923 .6000 16
.642 .5055 .9116 .7830 16
M=2.
Percent
H &Cp Cp Ccalc. CD yeas. Error
0 .3478
.165 .0367 .3845 .3652 5
.322 .1398 .4876 .4352 12
.4383 .3146 .6624 .5962 11
.642 .5560 .9038 .8221 10
M= 2,55
Percent
H ACp Cp Calc. CD geas. Error
0 .3109
.165 .0385 .3495 .3158 11
.322 .1463 .4577 .4140 11
.483 .3302 .6411 . 5685 13

.642 .5830 .8939 . 8200 9
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(a)

(b)

FIG.1 COORDINATES AND BODY SHAPES
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